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Abstract 
The storage based Research Networks that IEAGHG organise aim to address the various aspects of CO2 geological 
storage. The broad aims of the Research Networks are to provide a platform for the expertise and experience of those 
organisations at the forefront of research, development and demonstration of carbon dioxide capture and storage 
(CCS) to come together on a regular basis and share the latest experiences and knowledge, and to move the 
knowledge-base forward as CCS moves from research to reality. 
In 2010, IEAGHG produced a summary brochure, which provided a short introduction to each of the storage based 
Research Networks, and outlined the main achievements of each network over its existence, and the aims for the 
future. This paper serves as an update and outlines the future focus for the networks as determined in the Joint 
Network Meeting in June 2012. 
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1. Background 
The IEA Greenhouse Gas R&D Programme (IEAGHG) coordinates a number of international research 
networks for CO2 geological storage, which have evolved since their inception according to the needs of 
the research and industry communities they serve.  
In the broadest sense, the aims of the research networks are to provide a platform for the expertise and 
experience of those who are at the forefront of research, development and demonstration of greenhouse 
gas mitigation technologies. This platform serves these experts to come together and share experiences 
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and knowledge, with the overall goal of assisting CCS as it moves forward from research to reality. These 
networks aim to address specific aspects of CO2 geological storage.  Since the publication of a series of 
network booklets for GHGT-9 in Washington D.C. in 2008 on the IEAGHG Wellbore Integrity, Risk 
Assessment and Monitoring Networks, the storage networks have grown to incorporate a dedicated 
Modelling Network, a Social Research Network and in 2012 an Environmental Impacts of CO2 Storage 
Workshop series (which became the Environmental Research into CO2 Storage Network); highlighting 
the research development in these fields. At GHGT-10, IEAGHG showcased an update to the storage 
networks publication, highlighting the progress since the networks inception, and the developments since 
the first Joint Network Meeting held in New York in 2008. 2012 saw the second Joint Network Meeting, 
this time held in Santa Fe, New Mexico USA, and this paper represents the developments since the 1st
Joint Network Meeting, and the intended way forward for the networks. 
2. Communications 
Communication between the storage based research networks is considered extremely important 
especially with regard to the development and implementation of regulatory regimes. For this purpose the 
risk assessment network was considered to be in the best position to act as an overarching network for the 
modelling, monitoring and wellbore integrity networks and therefore be best placed as the appropriate 
forum for contact with regulators and other stakeholders. 
The Joint Network Meeting co-ordinates all of the geological storage networks, as well as the 
Environmental Impacts of CO2 Storage Workshop Series.  
The aims of the meeting were to: 
• Ensure the Networks are working in the most efficient way without duplication or gaps, 
• Identify cross-cutting issues and their consequences; requiring input from more than one 
network, 
• Set the framework for the future direction of the networks.  
3. Progress since 2008 
Some recommendations from the previous Joint Network Meeting have been followed through, including 
the creation of the modelling network and commissioning of studies related to technical gaps identified. 
Expertise from the networks has been able to be drawn upon for peer reviews including the Otway peer 
review in 2009 and the US EPA VEF in 2008. They have been useful for regulatory developments 
including the UNFCCC, and some network members played a significant role in the 2011 Technical 
Workshop in Abu Dhabi, which went on to influence negotiations of CCS in the CDM. 
3.1 The Risk Assessment Network,  
Over the past Risk Assessment meetings, some of the main topics addressed include:  
 risk communication, which requires a common language, and the importance of building trust 
was highlighted;  
 regulatory development, where it is important to take an active role in addressing new and 
emerging regulations, including provision of information for regulators;  
 risk assessment methodologies; risk profiles, for which knowledge is improved as more 
information is available from demonstration projects;  
 impacts, for which further understanding is needed and is an active area of research;  
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 risk and incident management and monitoring. There is further work needed regarding corrective 
measures.
It is important to know who the audience is when talking about risk assessment and particularly for 
quantitative risk assessment. The network has also taken a role in the identification of ‘emerging risks’ 
that are thought to be increasingly important, such as the potential effect on groundwater and induced 
seismicity. 
Risk assessment is the central part of a project – it defines how work is done. Risk communication was 
not one of the original Network objectives, but throughout all meetings it was a common theme that 
communication is key – it is important to talk to more people, both inside and out of the usual parties. A 
lot of useful work has been done in this Network but the message is perhaps not getting out there enough 
– the question is how to facilitate this; the need exists to converge toward a common language and 
terminology. It has been observed that NGOs are often neutral on the technical aspects of CCS, but 
participate more in discussions relating to risk assessment and regulations– consequently their position 
can, and does, change.  
3.2 The Monitoring Network  
The Monitoring Network meetings have covered a wide range of technologies as well as how different 
techniques can be used together to see the full picture. Much learning has been taken from demonstration 
projects, particularly regarding history matching, which needs to be carried out throughout the project to 
ensure accuracy of prediction over time. Emerging and evolving regulations have been taken account of 
during the meetings and it has been highlighted that it is important to maintain communication with the 
regulators at all stages of a project. 
One issue highlighted is that monitoring needs to be able to cover the different goals of showing climate 
change mitigation, show that resources are protected and to account for carbon credits. It was also noted 
that detection thresholds can be site specific and determining quantification is an active research area. 
The regulatory environment is currently maturing and in this process it has become clear that there are 
still things to be done. A lot more progress needs to be made in quantification and the role of risk 
processes in monitoring integration has been recognised and strengthened. A key achievement is the 
contribution of multiphysics and recognition of the value of this where different types have been brought 
together (i.e. Weyburn). A baseline terminology used expertise to interpret changes that occurred and the 
importance of public perception has been frequently addressed. 
3.3 The Modelling Network  
The Modelling Network has had 3 successful meetings since its inception at the first Joint Network 
Meeting. The meetings have highlighted knowledge gaps and complex issues needing to be dealt with by 
modellers, including modelling the complexity of the subsurface which includes complex hydrofacies 
architecture, fracture networks and information from core flooding. There are also issues related to 
history matching and the impact of model uncertainty. This is of particular importance as it is part of the 
iterative process as more monitoring data becomes available and can affect what is required regarding 
regulations. 
Modelling has made a lot of progress in the last 4 years, and specific improvements that have been made 
in the Network include the greater emphasis on 3D now rather than 1D and 2D. A lot of work has been 
done on improving core flooding in lab experiments and matching that to modelling floods (with 
increasing success in extrapolating the small scale up to basin scale). More detailed models have 
emphasised the importance of heterogeneity and there is now a better understanding of processes, along 
with achievements made in coupling processes. More complex problems have also been addressed and 
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accounted for – i.e. impurities and well leakage – and there is now a larger number of available tools and 
higher standards of technology. Experimental data leads to improvements in models, but it is important 
that there isn’t an expectation to provide fully integrated models (simplified can also be very useful). 
More models are now available but there is a danger in this – poor parameter input will demonstrate 
inaccurate results. In calibration and prediction, there has been good history matching in several cases and 
the new data has provided an opportunity to evolve and improve the models. It is important to meet the 
expectations of the regulator when it comes to matching – what is a good match? 
3.4 The Wellbore Integrity Network  
The Wellbore Integrity (WBI) Network has also had 3 meetings since the last joint meeting and 4 
meetings prior to that. The main considerations have changed over time, with the starting point looking at 
whether materials survive CO2 injection, changing to frequency of well leakage, defects and 
geomechanical impacts and more recently the focus has been on EOR experiences. 
Wellbore integrity is also related to the risk profile, potentially causing a risk increase in the long term, 
due to the breakdown of materials. Some other issues considered are:  
 cement stability in CO2,
 steel corrosion,  
 design of CO2-resistant cement,  
 best practices in well completions,  
 well abandonment practices,  
 detailed modelling of fluid-wellbore interactions,  
 field-scale modelling of wellbore performance, and  
 remediation technologies.  
The largest uncertainty and risk are old abandoned wells in the area of review as the state of completion 
may not be known. 
This Network has covered a range of topics including the mechanisms, magnitude, frequency and impact 
of CO2 leakage, self-healing of wells, modelling of well leakage, risk assessment, monitoring of well 
integrity, remediation of wells, best practices and regulatory agency interactions. Slow, low-rate leakage 
is seen as the main problem for CCS and it is not likely to involve the injection wells, rather the problem 
is likely to lie with the pre-existing wells. The risk profile for projects should reflect the potential for 
long-term deterioration of wells and the movement of plumes to encounter leaking wells. Cement is key 
to reducing wellbore integrity issues – if the cementing practice is good (in terms of the role of 
centralisers and in design, quality and placement), the well is most likely to perform as expected. Certain 
cements been noted as having the ability to self-heal in some circumstances. The Network also identified 
key risk factors potentially leading to well failure. 
3.5 Environmental Research into CO2 Storage Network  
Initially a workshop series, this has evolved into a network in its own right. It was started as an ad hoc 
workshop in 2008, Defining R&D Needs to Assess Environmental Impacts of Potential Leaks from CO2
Storage, which was then followed by another workshop in 2010, Natural Releases of CO2: Building 
Knowledge for CO2 Storage Environmental Impact Assessments. The 2012 meeting, the first since 
approval of the network, focused on controlled release experiments.  
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Much work has been carried out in this field and the network has helped to highlight knowledge gaps and 
areas where research and experimentation is needed. Research areas include:  
 how flux rates in natural settings relate to potential leaks,  
 impacts under different situations – some of which is being considered in controlled release 
experiments and monitoring methods. 
This workshop series is now starting to ‘define more refined’, specific questions. Much work has been 
done in looking at the response of systems (soil, plants, microbial etc.) to the high CO2 environment, for 
example in the identification of indicator species. There are systems available to study but care must be 
taken to ensure these are in fact analogous to CO2 storage.  The knowledge of pathways is essential for 
impact assessment – the relation of CO2 discharge points to groundwater flow systems and tectonics. 
Major rock constituents can impact groundwater chemistry and it is important to acknowledge that 
impacts are not only caused by CO2 but also from associated brine and formation fluids. It is key to 
engage other communities, but it is critical to take care when trying to communicate environmental 
impacts to stakeholders. 
4. Key Issues Identified 
These issues were raised and discussed at the 2nd Joint Network Meeting, the list here is by no means 
intended to be exhaustive and outlines those that were thought worthy of discussion at the meeting. 
4.1 Migration from the Primary Store: A Cross network challenge
An important question for any CCS project is how to detect migration from the primary store. This work 
was carried out at the Longannet to Goldeneye project– and had a problem statement of ‘how do we 
determine if we can detect migration from the primary store?’, looking at where it is likely to occur, 
where it can occur, at what rates and what volumes can be detected. In terms of risk assessment, a full 
bow-tie analysis was carried out and safeguards identified. The bow tie results lead to identification of 
threats and potential migration paths – particularly important is the timing of migration. For most 
scenarios the system will stay hydrostatic (for approximately 1000 years) as the CO2 cannot be driven out. 
For the volume at risk the calculation looks at each well and then calculates the volume of mobile CO2.
To look at the rates of potential migration, significant modelling is required. The model mat show that 
approximately 13MT can migrate – but at what rate? It was calculated that the most realistic leak scenario 
would be about 2.1 tonnes per day. For leak detection it is key to have an integrated approach – through 
networks including wells, risk assessment, monitoring, modelling and environmental.  
4.2 Cross cutting Issues research carbon capture project phase 3 
The CO2 Capture Project (CCP) has been in place since 2001 and the 3
rd phase is due to be completed in 
2013.  CCP3 is looking at areas including assurance R & D (wellbore integrity, subsurface processes, 
monitoring and verification (M & V), optimisation), field trialling and stakeholder issues. In wellbore 
integrity, a key study is the field acquisition of cement in wells. Key findings were that the cement was 
carbonated, the interface erodes (where the cement does not) and there was evidence of calcite 
precipitation. In subsurface processes, capillary entry pressure and impurities were looked at (physical 
and chemical effects like rock alteration), along with the impacts of these processes on storage and 
injection. In storage optimisation, all site data was looked at with the process of coming to a conclusion as 
to the viability of the project. This was applied to a number of sites (including In Salah) and this will be 
developed further into optimisation and economics, whilst addressing a range of CO2 assurance issues. A 
retrospective assessment of M & V was carried out, assessing the suitability of monitoring for sites and 
addressing issues related to the sensitivity of monitoring (site-specific). Modular borehole monitoring 
(MBM) was looked at in detail, with a final idea to look at all options and create a guidance document for 
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general reference. CCP3 trialled MBM deployment at the Citronelle site (USA), carried out through 
casing resistivity tests at the Otway project (Australia) and completed trials on borehole gravity at the 
EOR and storage site at Denbury Cranfield (USA). Stakeholder issues are being looked at in a 
contingency study to inform the relative effectiveness of monitoring technology to detect and characterise 
types/modes of leaks – more work is planned on this in workshops to be held in 2012 and 2013.  
4.3 Recent research developments from the IEAGHG Weyburn-Midale Project 
The Weyburn-Midale research project has two key deliverables – a technical best practice manual (BPM) 
and an issue of the IJGGC journal. The BPM will cover characterisation, performance predictions, 
geochemical monitoring, geophysical monitoring, performance validation, well integrity, risk assessment 
and community outreach.  
The study area here has a huge amount of pre-existing information – meaning data management is an 
issue. The migration scenarios assumed certain wellbores leaked at a certain rate and a natural analogue 
study was also carried out – results showed that despite the CO2, there is limited evidence of any major 
reactions of porosity etc. and as the use of the 3D seismic information was successful, they are able to 
show that it is an effective tool at this site for mapping the CO2 in the reservoir. However, it is more 
problematic to look at the CO2 saturation – so it is important to have a model to constrain the 
interpretation. Seal integrity and fracture mapping is an important issue, where they found a reasonable 
match for core samples. In passive seismic modelling there was a lot of useful information on 
geomechanics. The leakage allegations in 2011 generated a lot of bad press, but soil gas monitoring 
results disproved these allegations. The wellbore integrity field testing programme is a key research issue 
and permeability testing of the cement sheath confirmed the effectiveness of the cement. When looking at 
risk assessment and geological storage, the geosphere and biosphere risk was focussed on. The 
containment risk profile showed that well cement and leakage through the wellbore is a key risk scenario, 
but such risks actually demonstrate acceptability. 
4.4 Key Messages from operational storage sites – Findings from the CO2ReMoVe Project 
The main objectives of the CO2ReMoVe project are to develop/test technology for predicting, monitoring 
and verifying geological CO2 storage, to test procedures and technologies at a unique set of large scale 
and pilot sites, to demonstrate that CO2 can be stored in a safe and effective way, and to develop best 
practice guidelines for M & V. the project is involved with a unique set of injection sites, for example 
Sleipner, In Salah, Snøhvit, K12-B, CO2SINK and RECOPOL.  
The project aims to address several questions, the first being whether CO2 can be stored in a safe manner. 
Evidence suggests that it can be stored safely and effectively with no leakage to the biosphere. 
Monitoring of site performance can deviate from single predictions – so you must establish acceptable 
deviations or demonstrate convergence between the model and measurement and the acquirement of 
robust baseline data is essential for effective performance verification. The second question focusses on 
whether storage is practical and affordable. A limited portfolio of monitoring tools is needed to provide 
assurance at a given site and a much wider range of monitoring techniques was investigated than a 
commercial project is likely to use – allowing a higher degree of flexibility. Another question considers if 
some procedures/requirements can be standardised – CO2 storage standards should not be technology 
prescriptive; there is no ‘one-size-fits-all’ monitoring programme. In conclusion, CO2ReMoVe has 
unprecedented access to several industrial and pilot scale sites, has developed, deployed and tested 
multiple tools and integrated monitoring strategies to address regulations.  
4.5 The Illinois Basin – Decatur Project: Updates and Recent Experiences
This project is a demonstration of carbon storage in a saline reservoir at the Decatur site in Illinois, USA, 
where 1 million tonnes of anthropogenic CO2 will be injected over 3 years – alongside a comprehensive 7 
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year monitoring framework (with the verification well completed in May 2011). The focus of the project 
is the Mount Simon Sandstone, with CO2 injection in the base of the section and as of the 16
th June 2012, 
184,000 tonnes had been injected.  
For early implementation stages of projects, it is important to integrate new field data into models and 
communicate changes in model predictions (i.e. rates of CO2 migration) quickly so that necessary 
adaptations can be made. The Decatur project has a comprehensive monitoring programme involving 20 
different technologies and methods. Successful efforts in the project include site characterisation, 
permitting, drilling, reservoir modelling, engineering, risk assessment, public outreach and baseline 
monitoring.   
4.6 The Lessons Learned about cross-network issues from MRSCP and Mountaineer Projects
Battelle Carbon Management is involved with many CCS efforts and other projects, where the focus has 
recently been shifting to EOR and commercial oil and gas. FutureGen is a commercial scale 
oxycombustion project with pipeline transport and storage in the Mt Simon Sandstone. The AEP 
Mountaineer project has injection wells in 2 formations (approximately 37,000 tonnes injected so far), 
with an extensive monitoring programme. 
The Michigan Basin II injection test is leveraging the existing EOR infrastructure and overall testing 
indicates rates of 600 metric t/day (or higher) could be obtained here in the formation (the Bass Islands 
Dolomite). Bottomhole pressures have been generally stable and in terms of the post-injection thermal 
response, no change in temperature was observed. Some anomalies were seen in the crosswell seismic – 
the difference shows a velocity decrease in the Amherstburg formation, with no apparent connection with 
the velocity change area at the injection interval. Potential causes for the seismic velocity change were 
evaluated and after running more detailed logs/scanners, no obvious migration pathways were found 
between the injection depth and the velocity anomaly. Based on wireline data, gas appears to potentially 
be present behind the casing at the location of the anomaly – it’s unclear if this is CO2 or methane, there 
was no conclusive evidence that the velocity change is due to the migration of CO2 along the wellbore. 
Over time, the cement bond log indicated an apparent change in the cement both above and below and it 
was observed that low quality cement used was impacted by the presence of CO2 whereas the high quality 
wasn’t.  
5. Future direction and focus 
The aims of the second IEAGHG Joint Network Meeting were to ensure the Networks are working in the 
most efficient way (without duplication or gaps), to identify cross-cutting issues (and their consequences) 
and to set the framework for the future direction of the Networks. The common needs recognised 
throughout the workshop include systematic iterative links between risk assessment (including 
monitoring and WBI), monitoring, verification and best practices, dealing with uncertainty, consequences 
and mitigation plans, and defining criteria, thresholds and acceptable deviations from trends.  
Many suggestions were made during the 2nd Joint Network meeting, including the strong potential of 
holding smaller, more focussed, topic-based meetings in the future. The Monitoring Network proposed 
organising a special session in other international conferences (e.g. Pittsburgh, Trondheim, GHGT), 
although these meetings are extremely busy as it is and perhaps do not have the time or space for such a 
session. The Steering Committees could come up with a list of meetings for which associating with would 
be a useful exercise. The usefulness of combined meetings was discussed – CO2CRC have agreed to host 
the Monitoring and Environmental Impacts Networks in 2013 as a combined meeting – and since this 
Joint Network Meeting, Statoil have confirmed they will host the Modelling and Risk Assessment 
Networks next year.  
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The discussion looked at how interdisciplinary CCS is and that some publications are missed – it would 
be beneficial to have an information resource, an archive of papers to cover all disciplines. Issues such as 
journal copyright policy would have to be considered, but IEAGHG will look into the possibility of such 
an archive. 
The main recommendations from this meeting were to have more Network to Network collaboration, hold 
virtual meetings on ‘hot topics’, hold topic-based workshops (i.e. performance assessment, remediation), 
change the name of the Risk Assessment Network to Risk Management and to refresh all the Steering 
Committee members regularly.  
No matter how the Networks move forward, it’s essential that they keep their character.  It would be 
valuable to ensure activity is maintained between meetings in all Networks – ‘hot’ topic-based or not – to 
keep momentum going and it could be valuable to hold additional small/focused meetings linked to others 
(consulting via the Steering Committees to do so).  IEAGHG will reflect on all of the recommendations 
from this 2nd Joint Network meeting and look at how to act upon these in the best way for all.  
6. Conclusions 
Overall the work and efforts made within the IEAGHG Research Networks have contributed greatly to 
the current situation; i.e. that CCS sits within a maturing regulatory environment, with the technical 
knowledge and methods now well documented and understood so that the area of CO2 storage appears to 
hold no significant technical barriers to projects meeting the requirements from the fairly stringent 
regulations in place around the world. Developments are still required to drive the technology from its 
current state into maturity and commercial deployment, and the networks will continue to contribute to 
this need.  
The IEAGHG Research Networks have contributed to this move from research to application by 
encouraging cooperation between disparate groups of researchers around the world, and it has also been 
made clear that the Research Networks are highly appreciated by their members who wish them all to 
continue. 
